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Numerical simulation of heat and mass transfer in textile for electrolyte solution
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ARTICLE INFORMATION ABSTRACT

Heat and mass transfer in textiles are usually simulated using models that consider sorption and
condensation. But in electrolyte solutions, ions existed in fluid passing the textile can cause a
phenomenon called electric double layer. Charges on the textile pores will attract the ions with opposite
charge which will affect the fluid flow. To investigate this effect, Poisson-Boltzmann equation is solved
besides the other governing equations of the phenomenon. Net electric charge density is computed from
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-}ng‘t””zrdsz this equation and is applied to liquid diffusion coefficient. In this research, the influence of electric
Heat and mass transfer double layer is shown and then the factors affecting the strength of this phenomenon have been studied.
Electrolyte One side of the textile is thoroughly in contact with liquid and the other side is in contact with air. To

Electric double layer validate the obtained results, temperature variations in the outer side of the textile are computed and

compared with the available experimental works. There is good agreement between the results.
According to the results, applying electric double layer effect in equations causes temperature difference
of up to 20 percent in the outer surface of textile. In addition, time for textile full saturation when the
electric double layer is considered increased more than fivefold. The results show that by reducing the
viscosity of fluid the effect of electric double layer on the textile's outer surface temperature is
increased. Porosity and zeta potential are other influential factors which, according to calculations,
increasing each effect can accelerate the electric double layer.
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without electric double layer for viscosity 5x10™
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the presence and absence of dual electric layer for zeta potential of 3
mV
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Fig. 8 Liquid volume fraction graph for both with and without
considering the dual electric layer for porosity 0.95

WY 055 s e s bl 53 sl e e S Jlogei 8 U
0.95 Jalss b az by sly ail¥ge S Sl

201

s B
20 0
S - == 6 =8e3

19.9

19.8

T(°Q)

19.7

19.6

19.5

19.4

0 20 40 60 80 100
t(s)

Fig. 9 The outer surface temperature for both with and without
considering the electric double layer for porosity 0.95

S 3855 s ew o bl 5o sl () e o Lo 9 S0
0.95 Jadss ;o ax )y ailSgs
4 oS whee Rl S5 38l L lejloges )0 aesr b g wtee >
3 i il g Jdss ul 3l b alSes S sl 4 &b alpsl e
aie 9SS LB USS awglie 5l ol ax )l 25 mhe sles
oa3y (5,155 51 (500 0.95 4, 0.85 3l az )y Sl alidl L o 390
Ul38l ao )0 15 vgam ax )l (2> e gles jo ailEgs S sSUl Y
e Sosis, glad Gab SSrsT o DRSS lie il
3985 ey i3 ol SrgS Lo [7] 098 0 o (e 5l o o Jlow
Cosl co adijg; (B S2sS (Bb jlabee als 4z b gy Jlw
I3s e 5 dissy slaolens g5, slasl 5l B (S pSI Jely
Dy e alSsd (S pSIaY iy )5 5l Sl

65 il ~3-5
g sk s SLBI s (S Sl Jenily o plprea B Jeily
B Jelome o 50 (5505 0,3 ($By wiges (sl 0))0 S92y hlite polaw
o0 yalme laiis )0 53l s (Ol e 53 b iy s 4 05
alols o (Sl s L4 L) Wiy olows cdile Liglidl o] amgss a5
L bslagg 5l a¥ S bwg Joloe ;8 0,5 Galplo 039800 08 Su35
g e oali Tl 4Y sl symg 4 Y ol 45 snd g il
Ll pbon Jolo aY (ol ogb e oanlin 10 JSo 5o a5 jobolen
50 el 00,8 oy Jlail 0,3 o b (598 & jgody a5 sl 0,3 [ allbs
Sgzrg Albe slajl b slags 5l sl sl oyl &Y (S Caend

2 Slipping layer

6 o leis16 0,55 1395 ) gy pieds e Slle Gwiao

! Stern layer

288



Vbl 9 iy pawld

wudg ISl Yoo (132 430l 03 )2 9 Loy JUill sl yd 533 (5 ilwdsids

(KIM3K1) Jlo ez lo)S codsls i
(kgm3) B1,bl slge ,0 5290 ol Ju ke Cap
(kgm3) S ) 35290 Sl JBu clile ¢
B slad (5,0 lsp 0 sgzge O by clile c
(kgm) laaiss,
(kgm) elosl U1 o clale
160251019 (C) al 5T b e
(M/s) glralz pyr Jidl cuye he
(M/8) 55 5 @le 56 om py>r JUE oyl hicg
(M/s) glral> o)l,> Jlsl oy he
(K) 4z b sleo
(K) glbesl sleo

)k 50 9750 ol plie We

Sy PN

4k gl 4 S SU sagl; y

Azl ooz S g

S T -5 g

&l oz 5 &

V) by Jeily ¢

oSl Caglio soe @

(KVKG) oz Sl gL S 1

(KI/Kg) S by mole i slo)S 1y
(KI7kg) SLI Lasgs )L i slo)S
(Kg/M3) az L LI I p
(C/M3) o> sl o (o8I L J&  pe
(kg/m3) ple J&s  pi

(N/m) mhw iS¢
b S i T

az )b =5 Gl

Sy yiShl slagyg cud)b x
V) Sopsdl Jonily

c>lp-8
[1] P. Henry, Diffusion in absorbing media, Proceedings of the Royal

Society of London. Series A. Mathematical and Physical Sciences,
Vol. 171, No. 945, pp. 215-241, 1939.

[2] H. David, P. Nordon, Case studies of coupled heat and moisture
diffusion in wool beds, Textile Research Journal, Vol. 39, No. 2,
pp. 166-172, 1969.

[3] Y. Ogniewicz, C. Tien, Analysis of condensation in porous
insulation, Heat and Mass Transfer, Vol. 24, No. 3, pp. 421-429,
1981.

[4] A. P. Shapiro, S. Motakef, Unsteady heat and mass transfer with
phase change in porous slabs: Analytical solutions and
experimental results, Heat and Mass Transfer, VVol. 33, No. 1, pp.
163-173, 1990.

[5] J. Fan, X. Cheng, X. Wen, W. Sun, An improved model of heat and
moisture transfer with phase change and mobile condensates in
fibrous insulation and comparison with experimental results, Heat
and Mass Transfer, Vol. 47, No. 10, pp. 2343-2352, 2004.

289

e -0
-== 6 85

20 R

19.9 \

T(°C)

19.7 \

19.6 N

19.5 ~~

0 20 40 60 80 100

t(s)
Fig. 12 Temperature changes in the outer surface of fabric for both the
presence and absence of, electric double layer for zeta potential of 3
mvV

37y pas 5 97y o 93 ax )b (5 e 3 Les Dl loges 12 Y5
ke 35U iy sl alSge (S oIl 4y

KOS PRSI SO RIS WO SO Ny PP I
Jew bzl les LT 51 G ar )y (2 ) gl sles n aly
NUW PRV VES AN

salie Col 00 gusy g e 30 b5 iy gl &5 5 S o
o 5 alSgs Sy SIl a¥ b cdle sle ogas (sl Los sl a5 ws
wlod s S 00,020 4 355 anii o ol R8I jpa> 4 bgje
B annn 12 IS8 0 e 00 &) ez Jasl ol Job o a5 s,
9 Ao B g 52l L oz b3 g tes L3 lalogel o sles
Jsl p alge SoasI aY L 5U o U Jewsly ol caumslis
el 4z )ly 098 @)l >

0 g g3o90 (| 10 Glgier B Jemily S5 ol S
0929 (Sl plae D508 50 Fge Jelge 5l (o Jemily cl &y 50
S8 S SSl o Gns g Dal p ol ans g Sl a5 el vl
]

S35 Sadg i Jlow (sl a2yl JoUS i gl o izren
s 2 Sl 2SI gl oolitd S50 9 ol o) 85l a4
s e Lt ) slasli 23 leg B S w o 4l 27 5

S 5 domii -6
oo Leys JUsl p alfs (S asdla¥ oy 256 oy 0 ST 0l o
a5 abas s ks lgTa ax by hagh (al o ol aiSley ax by o
lgo b oobes 55 0,508 o g @le 5l gLt clls o T Cos S
0255 9)lg b ey mSIN Vs (gl sy ol (6,185 ST ol jo w0 jls 18
590 Py 9 Ol JESH 0wl ateine g ab eols Hlas Volee o )l
algs (Sl a¥ oy il cdo Sl b Jlw axplir 4zl
2Bl Fge s Ailgs oo

Jolts a5 alEgs So Sl Y &yad 5 08 50 e Jolse 3,0
A 9 W8S 18 (o) 3y90 Wadioe B Jemily g SIS )
SIS H Ol By Jomily (il g (230 (alidl o) Grals b s
By Cuali ad 4 |y ailfge S Sl agY

e o g8 -7
(KIM3KY) az )l oz 2le)S <o)l o
(KIM3K) G ez oS byl ot

6 o lots 16 ©)93 1395 DR ()30 Slle wiiie



Vbl 9 3jisr 3 Eawld

g ISl Yoo (12 430l 0 2 9 Loy JUiil Sislyd 5332 (5 jlwdsids

on flow and heat transfer in microchannels, Heat and Mass
Transfer, Vol. 50, No. 25, pp. 5161-5167, 2007.

[14]P. Hwang, C. Soong, Investigation of variable-property
microchannel flows with electro-thermo-hydrodynamic
interactions at constant pressure gradient or constant flow rate,
Heat and Mass Transfer, Vol. 51, No. 1, pp. 210-223, 2008.

[15]Q. -Y. Zhu, J. Yang, M. -H. Xie, Effects of zeta potential and fiber
diameter on coupled heat and liquid moisture transfer in porous
polymer materials, Fiber Bioengineering and Informatics, Vol. 3,
No. 1, pp. 16-21, 2010.

[16]A. J. Bard, L. R. Faulkner, Electrochemical Methods:
Fundamentals and Applications, pp. 8-18, New York: John Wiley
& Sons, 1980.

[17]1Q. Zhu, Y. Li, Numerical simulation of the transient heat and liquid
moisture transfer through porous textiles with consideration of
electric double layer, Heat and Mass Transfer, Vol. 53, No. 7, pp.
1417-1425, 2010.

[18]J. Fan, Z. Luo, Y. Li, Heat and moisture transfer with sorption and
condensation in porous clothing assemblies and numerical
simulation, Heat and Mass Transfer, Vol. 43, No. 16, pp. 2989-
3000, 2000.

[19]Q. -Y. Zhu, J. Yang, M. -H. Xie, Effects of zeta potential and fiber
diameter on coupled heat and liquid moisture transfer in porous
polymer materials, Fiber Bioengineering and Informatics, Vol. 3,
No. 1, pp. 16-21, 2010.

6 0 leis 16 0,55 1395 ) gy pieds 30 Sulle Swiao

[6] H. Huang, C. Ye, W. Sun, Moisture transport in fibrous clothing
assemblies, Engineering Mathematics, Vol. 61, No. 1, pp. 35-54,
2008.

[7]1 Y. Li, Q. Zhu, Simultaneous heat and moisture transfer with
moisture sorption, condensation, and capillary liquid diffusion in
porous textiles, Textile Research Journal, Vol. 73, No. 6, pp. 515-
524, 2003.

[8] L. Ren, W. Qu, D. Li, Interfacial electrokinetic effects on liquid
flow in microchannels, Heat and Mass Transfer, Vol. 44, No. 16,
pp. 3125-3134, 2001.

[9] C. Soong, S. Wang, Theoretical analysis of electrokinetic flow and
heat transfer in a microchannel under asymmetric boundary
conditions, Colloid and Interface Science, Vol. 265, No. 1, pp. 202-
213, 2003.

[10]P. Dutta, A. Beskok, T. C. Warburton, Numerical simulation of
mixed electroosmotic/pressure driven microflows, Numerical Heat
Transfer: Part A: Applications, Vol. 41, No. 2, pp. 131-148, 2002.

[11]Z. Yang, X. Peng, B. Wang, Fully developed electroosmotically
and hydrodynamically induced convection between two parallel
plates, Numerical Heat Transfer, Part A: Applications, Vol. 50, No.
10, pp. 905-926, 2006.

[12]T. -S. Zhao, Q. Liao, Thermal effects on electro-osmotic pumping
of liquids in  microchannels, = Micromechanics  and
Microengineering, Vol. 12, No. 6, pp. 962, 2002.

[13]A. Jain, M. K. Jensen, Analytical modeling of electrokinetic effects

290



